Myxobacteria are Gram-negative gliding bacteria that possess a multicellular 1 developmental lifecycle (20, 23) . Gliding motility in these cells plays a crucial role in 2 myxobacterial predatory and developmental aggregation (23). There are two distinct 3 motility systems controlling the Myxococcus gliding: the adventurous (A) system, which 4 controls the movement of individual and isolated cells, and the social (S) system, which 5 is essential for the swarming and aggregation of cells (7, 8) . With the dual motility 6 system, myxobacteria are able to adapt to different environments, such as dry and highly 7 hydrated agar surfaces. 8 Although most myxobacteria are found in soil, there are salt-tolerant species from the 9 marine environments (5, 9-11, 17, 29) . Compared to the salt-sensitivity of terrestrial 10 strains (19) , salt-tolerant myxobacteria are able to live withstand a wide range of salinity. 11 In response to changes in salinity, some salt-tolerant myxobacteria show altered 12 vegetative and developmental characteristics (28). Differences in morphogenetic 13 characteristics appear to indicate that salt-tolerant myxobacteria are the result of the 14 adaptation of soil myxobacteria to marine environments (28). Analysis of salt-tolerant 15 Myxococcus strains revealed that they may have retained dual gliding motility systems. 16 Some of the high salt-tolerant strains exhibited enhanced S-motility in the presence of 17 seawater, as indicated by increased soft agar swarming (24). 18 To identify the S motility genes in salt-tolerant M. fulvus HW-1, a genetic screen was 19 performed using transposon MiniHimar1-lacZ electroporation (14) expansion on a 0.3% agar surface, which is indicative of an S-motility defect. The 24 mutated gene led to the discovery of the mts locus, which is the focus of this report. 10 and YZ603 (∆difE) (2) , suggesting that the mutant HL-1 is defective in social motility.
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The mutant HL-1 was assessed for developmental ability on TPM starvation media 12 using previously described methods (15) . The mutant cells formed a weak and 13 rudimentary fruiting body structure (Fig. 1G ), compared to the mature fruiting bodies of 14 wild-type cells (Fig. 1H) . The sporulation frequencies of HL-1 were only 0.67% of that 15 of HW-1, which was able to develop about 3.0 × 10 6 spores from an initial input of 5 × the wild-type cells in MOPS buffer were 0.563 ± 0.086 and 0.075 ± 0.055, respectively. 6 We reported previously that the salt-tolerant Myxococcus strains exhibited enhanced The mutagenized gene in HL-1 and the related genes in this locus 12 The transposon MiniHimar1-lacZ contains the E. coli replication origin R6K. Bioinformatics analysis of the predicted mts, together with the phenotypes of the mutant, 10 suggested that the Mts proteins are probably involved in the construction of cell surface 11 matrix for S motility and development.
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Characteristics of M. xanthus mutants in mts genes 13 Genetic manipulation of HW-1 is difficult. Attempts to make targeted mts mutations in the colonies on either hard or soft agar (Fig. 4) . The results indicated that mtsC is likely 21 also involved in S motility in M. xanthus. 
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